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‘A contoured shroud exit having means capable of pro-
ducing low pressure vortices when a fan generated air
stream is expelled therefrom. B
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~ Located at the forward end of engine 10 is a fan shaft
means 26 whereby power is delivered to drive as fan 29.
As-1s apparent, the particular mode whereby power is
transferred to the fan and its particular location in re-
gard to the engine 10 is not critical with respect to the
engine 10, and any desired location would be satisfac-
tory and any means of powering could be employed

without departing from the spirit and scope of the in-

vention. The fan 29 herein depicted is a rotatable suc-
tion type fan positioned adjacent the radiator 16 and
normally creates a flow of air or, more particularly,
moves a stream of cooling air through the radiator 16
with a subsequent discharge thereof around fan exit
shroud section 28 when in operation. The fan generated
air stream is guided or directed from the radiator 16 to
the fan 29 by means of a fan shroud means, designated
generally by reference character 32. The particular

shape of the axially forward or entrance section 34 of

the fan shroud means 32 is dependent upon the shape
and design of the rear or air exit face 36 of the radiator
16. The nature of the connection between the forward-
most edge of the fan shroud means 32 and the rear face
36 of the radiator 16 would depend upon the particular
characteristics of the assembly. That is, some connec-
tions being provided with air gaps, others are made
flexible while in still other situations the entire area
between the two components is sealed over the entire
periphery of the enclosure. In the preferred form of this
invention the entire rear face area of the radiator 16 is
substantially sealed against the passage of air from any
other direction except through the radiator 16. From
the forwardmost edge of the entrance shroud section 34
the shroud (be it a tapered transition as shown or a box
type), the entrance shroud section 34 converges axially
rearwardly and radially inwardly as indicated by refer-
ence numeral 38. |
Referring now to FIG. 2 wherein is shown an em-
bodiment of a Coanda effect producing shroud exit,
section 28. The critical feature of the shroud exit section
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28 i1s its ability to form a bubble, vortex, or a region of 40

low pressure adjacent the surface parallel to which it is
desired to bend the air stream. Fan circumferentially
spaced, radially extending 29 includes a plurality of fan
blades 40 (only one as shown here) as is well known in
the art. Each of the fan impeller blade 40 can be divided
radially into an end or tip region 42, a hub region 44 and
a middle region 43. It is believed that with a standard
venturi type shroud and fan arrangement substantial
turbulence is created in the tip region 42 such that a
relatively high level of noise is created and the air mov-
ing ability of that region is substantially impaired. In the
hub regions difficulty with the drawing in of air from
the rear (rather than through the radiator 16) with sub-
sequent recirculation substantially impairs the air mov-
ing ability of that portion of the fan 16. As a result only
the middle region or portion 43 of the fan 16 is perform-
ing an efficient air moving job. It is believed at this time
for reasons unknown that the provision of a Coanada
generating fan shroud exit section generally encircling
the fan blades 40 somehow reduces turbulence and
improves the overall air moving efficiency of the blade.

The improved efficiency, that is, the lower horse-
power requirement to achieve a given cooling rate and
the reduced noise generated in the fan blade tip regions
result from the employment of the Coanda generating

fan shroud exit section 28. It is known from experimen-
tation with a high speed air jet issuing from a nozzle
adjacent a Coanda effect producing surface that up to
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twenty times the volume of air in the jet will be en-
trained thereby, from the ambient air mass that is on the
side of the jet opposite the surface. It may be that this
entrainment phenomenon is helping to pull additional
air through the fan blades 40. As air passes through the
blades 40 it is immediately entrained by the stream adja-
cent the Coanda effect producing shroud exit section
28.
It has been determined by experimentation that a
vortex forms a region of low pressure which can be
created when a high speed air jet is directed over a
properly designed curved surface. See for example my
co-pending application Ser. No. 348,436, now U.S. Pat.
No. 3,872,916. It has also been determined that supple-
mentary low pressure regions can be created by a step
or groove in the adjacent surface toward which the
airstream is bent. In an article entitled “Applications of
the Coanda Effect” by Imants Reba, Scientific Ameri-
can, June 1966, the provision of steps near the jet exit to
generate the Coanda effect is demonstrated. It should
also be noted that the author admits that the Coanda
effect is not fully understood and the simple provision
of a step will probably not suffice to create a Coanda
effect. In FIGS. 2, 3, and 4, it is belicved that shroud
exit section designs have been provided wherein vorti-
ces are formed. It must also be understood that the
position of the fan blade assembly with regard to the
shroud exit contributes the formation of the Coanda
effect. The embodiments as shown in FIGS. 2, 3, and 4
combine smooth curved surfaces and indentations to

achieve the Coanda effect in combination with the fan
blades 40. That is, a fan shroud exit section 28 capable of

- producing the Coanda effect will be one having a low

pressure vortex creating means such that when an air
stream is passed thereover the ambient pressure on the
side of the stream away from the shroud stream causes
it to deviate and ““follow’’ the surface of the shroud exit
section. |

Referring speciﬁcally now to the embodiment shown
in FIG. 2, the Coanda effect producing shroud exit

‘section 28 extending axially from the rearwardmost

edge of the shroud entrance section 38 of shroud means
section 32 is the Coanda effect producing shroud exit
section 28. Included in the exit shroud section 28 is a
generally cylindrical, axially extending throat section
46, and having an axial length CF, a radially expanding
smooth annular curved section 48, having a radius of
curvature R with a low pressure forming supplemen-
tary vortex creating means 50 taking the form here of a
radial step or offset 52; between the two mentioned
sections. Generally centrally located within exit shroud
section 28 is the fan 29. It should be noted that throat
section 46 is substantially sealed to the shroud entrance
section 34 section of shroud means 32 and in the pre-
ferred embodiment forms a complete circle around the
fan 29. The radial step or offset 52 extends radially from
the rearwardmost edge of the throat section 46 to the
forwardmost edge of the curved section 48 to thus pro-
vide an annular low pressure vortex creating means 50.
Smooth curved section 48 generally expands radially
outwardly or in the direction in which it is desirous of
directing the exit airstream passing thereover. A radi-
ally expanding section 58, in effect, forms a radial con-
tinuation of the rearwardmost edge of the curved sec-
tion 48 and extends radially from such edge a distance

As pointed out hereinbefore, one of the prime objects
of the present invention is to reduce the operating noise
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FAN SHROUD STRUCTURE

This 1s a continuation of application Ser. No. 543 714
filed Jan. 24, 1975, now abandoned, which 1s a continua-
tion of Ser. No. 470,787, filed May 17 1974, now aban-

doned.
This invention relates to cooling systems for internal

combustion engines and, more particularly, to a

Coanada effect producing fan shroud exit, involved in
the air handling step of the heat transfer process.

Reference should be made to my co-pending applica-
tion Ser. No. 348,436, now U.S. Pat No. 3,872,916,
issued Mar. 25, 1975.

A standard mode of removing heat from an internal
combustion engine is to transfer the heat to a liquid
- coolant, often water or a mixture thereof, and from
there to a stream of air, the heated air being dispersed
out into the atmosphere. A substantial body of art exists
in the provision of means to transfer the heat from the
liquid to the air media. In standard practice such as
associated with a truck, for example, heated coolant is
passed through a radiator and a cooling air stream is
sucked through the radiator by a fan. Shroud means are
employed to guide the air and improve the efficiency of
the fan. Such factors as shroud exit to fan blade clear-
ance, recirculation of the same air in the center portions,
the generation of fan noises, and the required horse-
power to drive the fan become critical. To the solutions
of these difficulties and problems, innumerable patents
have been directed. It has been discovered that there is
a relation between tip clearance, driving horsepower or
fan efficiency and fan noises. It is believed at this time
that recirculation and turbulence in the tip region of the
fan are responsible for a majority of the fan generated
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noises and substantlally reduce the overall efﬁmency of 35

the fan to move air.
It is therefore an object of this invention to provide a

Coanda effect producing fan shroud means and thereby

substantially reduce air recirculation and turbulence in

the tip regions of the fan. It is yet another object of this
invention to provide a fan shroud exit section which is
capable of creating low pressure vortices when a stream
of air is passed thereover. Another object of this inven-
tion 18 to provide an engine cooling system wherein fan
generated noise and engine horsepower requirements
are reduced. A further object of this invention is to
provide a contoured fan shroud exit section having
supplementary low pressure vortex creating pockets
therein. Moreover, another object of this invention is to
provide a fan shroud exit section means which promotes
pressure gradient bending of a fan generated airstream
passing thereover.

In accordance with this invention it has been discov-
ered that. noise generation and horsepower require-
ments of a fan assembly can be reduced by the provision
of a fan shroud exit section which is capable of pressure
gradient deflection It is believed that by pressure gradi-
ent deflecting or the achievement of the Coanda effect,
fan generated air turbulence and recirculation in the tip
regions of the fan are reduced and that the other results
flow therefrom.

If a jet of fluid is introduced adjacent a curved or flat
plate, the jet will “attach” to the plate and follow the
plate even though the resultant flow path is highly
~ divergent from the original direction of the jet. This

phenomenon is the Coanda effect named after its dis-
coverer: Henri Coanda, a Romanian engineer. The Co-
anda effect, it 1s believed, is caused by a stable dynami-
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cally formed and sustained pressure gradient across a

jet, which pressure gradient bends the jet toward an

adjacent boundary or surface. For example a jet issuing

from a nozzle begins to entrain ambient fluid into the jet
“mixing region” if the issuance of the jet is in the region
of a properly designed wall, adjacent thereto entrained
fluid is not easily replaced. On the opposite side of the

jet, away from the adjacent wall entrained fluid 1s easily

replaced by ambient fluid. The result is the rapid devel-
opment of a transverse pressure gradient across the jet
and the formation of a “bubble” or vortex which forms
a region of low pressure. It is the vortex with its low
pressure region, a properly designed adjacent wall, and
the pressure of the ambient fluid on the opposite side of
the stream that cause it to bend and thus follow the
contour of the wall. For reasons yet unknown as the jet
flows over the surface it entrains up to twenty times the
amount of air in the original jet.

At this time there is much uncertainty as to the nature
of the Coanda effect. That is to say the Coanda effect is
not fully understood; however, I have determined that
the provision of a fan with a Coanda effect producing
fan shroud exit section causes surprising and unique
results.

Other objects and advantages of the invention will
become apparent upon reading the following detatled
description and upon reference to the drawings, In
which: -

FIG. 1 is a side view of a tractor showing one em-
bodiment of the invention; and

FIG. 2 is a partially broken away side sectional view
of the radiator fan shroud shroud exit section which
forms a region of low pressure; and |

FIGS. 3 and 4 are additional embodiments which
produce the low pressure vortex necessary to achieve
pressure gradient bending of the associated fan gener-
ated airstream. 4

While the invention will be described in connection
with preferred embodiments, it is understood that it is

not intended to limit the invention to that embodiment.

On the contrary, it is intended to cover all alternatives,
modifications and equivalents as may be included
within the spirit and scope of the invention as deﬁned
by the appended claims. |

Referring now to the drawings and, more particu-
larly, to FIG. 1 wherein is shown an embodiment of the
invention herein disclosed. A conventional llquld-

‘cooled heat-producing internal combustion engine 10

carried forwardly on longitudinally extending, parallel
side sill members 12 of vehicle 14. As shown herein of
the chassis frame of a vehicle 14 is a conventional trac-
tor. However as will hereafter become more apparent
this invention can be employed with any type of vehicle
having a heat-generating internal combustion engine 10
or any portable or stationary device requiring an air
moving fan and fan shroud means. Mounted forwardly
of the engine 10 is a liguid cooling radiator or heat

- exchanger means 16 employed to dissipate engine gen-

65

erated heat to an air media. Coolant flows between the

water jacket associated with the engine and the heat

exchanger 16 through a pair of fluid communicating
means 18 and 20 in a conventional and well known
manner. Heat from the engine 10 is absorbed into the
liquid coolant such as a mixture of water and anti-
freeze, etc., and passed through the heat exchanger 16.
The heat is then transferred to a fan generated air
stream which in turn is expelled out from the shroud as

it will be hereafter more fully disclosed.
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level of an air circulating fan and such objective is, in
the main, achieved by substantially eliminating air tur-
bulence in the blade tip area by msurmg that the air
stream discharged from the fan flows in a generally
smooth and relatively turbulent-free manner. It was
pointed out and explained in detail in the aforemen-

tioned U.S. Pat. No. 3,872,916 that the basic phenome-
non which contributes to the realization of a generally

~ smooth and relatwcly turbulent-free air stream flowing

from the fan is believed to be the Coanda effect gener-
‘ated by the passage of such fan generated air stream
over the surface of the particular fan shroud disclosed in
the patent. The present invention is primarily con-
cerned with means for strengthening such Coanda ef-
fect and, hence, to further reduce the operating noise
level fan and to improve the overall performance and
efficiency thereof. The Coanada effect strengthening
means of the present invention is dependent upon many
factors including the contour or surface of the fan
shroud, the radial and axial positioning of the fan with
respect to the fan shroud, and the dimensions of various
contoured sections of the fan shroud with respect to the
- dimensions of the impeller blades, and, in particular, the
effective axial width (AW) of the fan impeller blades. In
order to clearly understand the invention and its opera-

tion, the definition of the effective axial width (AW) of
a fan impeller blade 40 as used herein will be the same as
that commonly used by fan manufacturers and is that
dimension measured along the rotational axis of the fan
between a pair of spaced and parallel planes which are
disposed substantially perpendicular to the rotational
axis of the fan 29, each of which contains a point dis-
posed, respectively, on the leading edge 54 or trallmg
edge 56 at the radially outermost blade tip region or
portion 42 of the fan blade. Inasmuch as the fan impeller
blades 40 illustrated in the drawings are of the straight
sided type, as distinguished from other common fan
blade designs such as tapered or curved types substan-
tially the entire leadlng edge 54 happens to lie in one of
the two parallel planes between which the effective
axial width (AW) of the fan blade is measured and sub-
stantially the entire trailing edge 56 happens to lie in the
other plane. In other words, the effective axial width
(AW), as defined above, of a straight sided fan blade is
substantially the same as the axial width of the fan blade
whether measured at the hub reglon or portion 44, or at
the intermediate or middle region or pOI'thll 43, or at

the radially outermost tip portion or region 42 since all
of such axial width measurement values are substan-

tlally the same. However, by definition, the effective
axial width (AW) of a taper sided fan blade would al-
ways have to be smaller than the axial width of the fan
blade as measured at the middle region 43 and consider-
ably smaller than axial width of the fan blade as mea-
sured at the hub region of the fan blade. In a fan blade
design of the tapered type, the leading edge may be
tapered while the trailing edge of the blade is disposed
in a plane perpendicular to the rotational axis of the fan.
Alternatively, the trailing edge of the blade may be
tapered and the leading edge disposed in a plane normal
to the axis of rotation of the fan. In certain tapered fan
blade designs, both the leading edge and the trailing
edge of the blade are tapered, each of which lies sub-
stantially in a plane inclined at an a.ngle with respect to
the rotational axis of the fan which is either greater or
less than 90°. However, it is to be understood that re-
'gardless of whether the fan blade design is of the
straight sided, type taper 51ded (one side or both) type,
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curved sided type, or or a hybrid version of such types,

the effective axial width (AW) of the fan blade is always
measured or determined as pointed out hereinbefore
‘and preferably as also pointed out hereinbefore, the fan

1s axially positioned so that one of the pair of parallel
planes, which are disposed substantially perpendicular

to the rotational axis of the fan and are used to establish

the axial limits of the effective axial width (AW) sub-

stantially passes through the juncture of the shroud

entrance section 34 and the shroud exit section 28 and
the other plane of such pair of parallel planes substan-
tially coincides with the plane containing the radially
expanding or radial section 58 of the shroud exit section
28. |

The fan 29 is, preferably, axially positioned with re-

spect to the fan shroud exit section 28 so that the junc-

ture of the shroud entrance section 34 and the shroud
extt section 28 lies substantially in the plane perpendicu-
lar to the rotational axis of the fan 29 and containing the
leading edges 54 of the fan blades 40 (since the fan
blades illustrated are of the straight sided type) or in one
of the two parallel planes defining the limits or axial
length of the effective axial width (AW) of the fan

blades. It is also preferable to dimension and position

the fan blades 40 in such a manner that the plane con-
taining the trailing edges 56 or the other plane of the
two parallel planes defining the limits of the effective
axial width (AW) also contains the rearwardmost radi-
ally extending portion 58 of the shroud exit section 28.

Additionally, it is preferable to dimension the various

sections such as the throat section 46, curved section 48

and radial section 58 comprising the fan shroud exit
section 28 in accordance with the disclosure of the
aforementioned U.S. Pat. No. 3,872,916. Thus, for
achieving optimum results CF should have a value of
approximately AW/3, R should be substantially
2AW/3, and RF should have a value of approtimately
AW/3. It should be understood, however, that these
respective spatial relations and fan shroud section sizes
can vary up to a distance equal to plus or minus twelve
percent of the effective axial width (AW) of the fan blade.
In other words, the juncture of the shroud entrance sec-
tion 34 and the shroud exit section 28 can be axially
spaced or offset a distance of 0.12 (AW) from the plane
containing the leading edges 54 of the fan blades with-
out departing from the spirit and scope of the invention.
Similarly, the plane containing the fan blade trailing
edges 56 may be axially spaced the same amount from
the plane containing the rearwardmost radially extend-
ing portion of the shroud exit section 28. Furthermore,
RF could have a value of AW/3 plus or minus the
amount of 0.12 AW, or R could have a value of 2AW/3
plus or minus the amount of 0.12 AW, or RF could have
a value of AW/3 plus or minus the amount of 0.12 AW
without departing from the spirit and sc:Ope of the in-

vention.
The partlcular embodiment of the exit shroud scctlon

28 shown in FIG. 3 again has the fan 29 axially located
with respect thereto so as to be substantially in radial
alignment therewith as in the embodiment of the inven-
tion illustrated in FIG. 2. However, the exit shroud 28
is formed in such a manner that the annular curved
section 48 is in effect a direct continuation of the throat
section 46 while the supplementary low pressure vortex
creating means 50 is located at the juncture of curved
section 48 and the radially expanding section 58. As
shown the supplementary low pressure vortex creating
means 30 1s again in the form of an axially extending



4061 188

7

step or offset 52’, which, in effect, axlally offsets the
radially expanding section 58 from the radially outer-
most end of the curved section 48. Thus, an annular low
pressure vortex creating pocket or groove is provided
between the radially outermost end of the annular
curved section 48 and the radially innermost end of the

radially expanding section 58 step. In the particular

embodiment shown in FIG. 4 the low pressure vortex
creating means 50 takes the form of a bend 52 located
generally bctween the ends of and the smooth curve

section 48.

From the foregoing, it will be apprecmted that in
each of the embodiments of the invention described,
supplementary low pressure vortex creating means are
incorporated into the unique fan shroud design dis-
closed in U.S. Pat. No. 3,872,916 for strengthening the
Coanda effect generated by the passage of fan generated
air over such patented fan shroud design and thereby
improve the overall performance characteristics of the
patented fan shroud design. It is to be understood, how-
ever, that the particular form the supplementary low
pressure vortex creating means takes and its location in
the fan shroud exit section are immateriai as far as the
scope of the invention as concerned.

Thus it is apparent that there has been provided, in
accordance with the invention, a heat transfer system
that fully satisfies the objects, aims, and advantages set

 forth above. While the invention has been described in

conjunction with specific embodiments thereof, it is
evident that many alternatives, modifications and varia-

tions will be apparent to those skilled in the art in light.

of the foregoing description. Accordingly, it is intended
to embrace all such alternatives, modifications and vari-
ations as fall within the spirit and broad scope of the
appended claims.

What is claimed is: -

1. A fan shroud structure for use with a rota.ry axial
flow fan having a plurality of circumferentially spaced,
radially extending impeller blades, said blades having an
effective axial width (AW) measured axially along the
rotational axis of the fan between a first plane and a
second plane, said planes being axially spaced and paral-
lel with respect to each other and disposed substantially
normal to the rotational axis of the fan, said first and
second planes extending radially, respectively through
points on the leading edges of the blades at the radial tip
portions thereof and through points on the trailing
edges of the blades at the radial tip portlons thcrcof the
combination including said fan, comprising,

a generally cylindrical axlally extendmg throat sec-

tion encircling the fan;

an annular generally radially extending flat portion,

said flat portion being radially spaced outwardly

and axially from one axial end of said throat sec-
tion;

an annular intermediate section extending between
said one axial end of said throat section and said
radial flat portion, said throat section, intermediate
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such fan shroud structure surface when the fan is in
‘operation. |
2. A fan shroud structure as set forth in claim 1,
wherein said throat section, flat portion, and intermedi-
ate section have an overall axial length measured along
the rotational axis of the fan substantially equal to AW
plus or minus 25 percent of AW.

3. A fan shroud structure as set forth in claun 1,

wherein said fan is axially positioned with respect to
said intermediate section so that said second plane is

substantialy coincident with the radial plane containing
the end of said intermediate section opposite the end
thereof operatively connected to said one axial end of

said throat section.
d. A fan shroud structure as set forth in claim 1,

- wherein said fan is axially positioned with respect to
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section, and said radial flat portion being effective -

to produce a low pressure region between the air
stream flowing over the surface thereof and such
surface when the fan is in operation; and

an annular supplementary low pressure vortex creat-
ing means formed in said throat section, intermedi-
ate section and radial flat portion of the fan shroud
structure whereby an additional low pressure re-
gion is generated between the air stream flowing
over the surface of the fan shroud structure and

65

said throat section so that said first plane is substantially
coincident with the radial plane containing one axial
end of said throat section.

5. A fan shroud structure as set forth in claim 1,
wherein said fan is axially positioned with respect to
said throat section, intermediate section, and flat por-
tion so that said first plane is axially spaced from and on
either axial side of said radial plane containing said one
axial end of said throat secton a distance of 0 to 12
percent of AW and said second plane 1s axially spaced
from and on either axial side of said radial plane contain-
ing said end of said intermediate section opposite the
end thereof operatively connected to said throat section
a distance of 0 to 12 percent of AW.

6. A fan shroud structure as set forth in claim 8§,
wherein said supplementary low pressure vortex creat-
ing means is disposed adjacent the intersection of said
throat section and said intermediate section.

7. A fan shroud structure as set forth in claim 5,

wherein said supplementary low pressure vortex creat-

ing means is disposed adjacent the intersection of said

intermediate section and said radial flat portion.

8. A fan shroud structure as set forth in claim 8§,
wherein said supplementary low pressure vortex creat-
ing means is disposed intermediate the axial ends of said
intermediate section.

9. A fan shroud structure for use with a rotary, axial
flow fan having a plurality of circumferentially spaced,
radially extending impeller blades, said blades having an
effective axial width (AW) measured axially along the
rotational axis of the fan between a first plane and a
second plane, said planes being axially spaced and paral-
lel with respect to each other and disposed substantially

“normal to-the rotational axis of the fan, said first and

second planes extending radially, respectively, through
pomts on the leading edges of the blades of the radial tip

“portions thereof and through points on the trailing

edges of the blades at the radial tip portlons thereof
comprising,

‘a generally cylindrical axially extending throat sec-

tion encircling the fan;

an annular, generally radlally extending flat portion,

~ said flat portion being radially spaced outwardly
and axially from one axial end of said throat sec-
tion;

an annular, radially and axially curved, intermediate

 section extending between said one end of said

- throat section and said radial flat portion, said
throat section, intermediate section, and said radial
flat portion being effective to produce a low pres-
sure region between the air stream flowing over
the surface thereof and such surface when the fan is
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in operation, and the following relationships exist:
RF = AW/3 plus or minus 12 percent 6f AW, CF
= AW/3 plus or minus 12 percent of AW, and R
= 2AW/3 plus or minus 12 percent of AW where
RF is the radial length of the radial flat portion, CF
is the axial length of the cylindrical throat section,
and R is the radius of curvature of the intermediate
- section; and

an annular supplementary low pressure vortex creat-
ing means formed in said throat and intermediate
section, and radial flat portion of the fan shroud
structure such that an additional low pressure re-
gion is generated between the air stream flowing
over the surface of the fan shroud structure and
such fan shroud structure surface when the fan is in
operation.

10. A fan shroud structure as set forth in claim 9,
wherein said supplementary low pressure vortex creat-
ing means is disposed adjacent the intersections of said
throat section and said intermediate section.

11. A fan shroud structure as set forth in claim 9,
wherein said supplementary low pressure vortex creat-
ing means is disposed adjacent the intersection of said
intermediate section and said radial flat portion.

12. A fan shroud structure as set forth in claim 9,
wherein said supplementary low pressure vortex creat-
ing means is disposed intermediate the axial ends of said
intermediate section.

13. A fan shroud structure for use with a rotary, axial
flow fan having a plurality of circumferentially spaced,

radially extending impeller blades, said blades having an
effective axial width (AW) measured axially along the
rotational axis of the fan between a first plane and a
second plane, said planes being axially spaced and paral-
lel with respect to each other and disposed substantially
normal to the rotational axis of the fan, said first and
second planes extending radially, respective, through
points on the leading edges of the blades at the radial tip
portions thereof and through points on the trailing
edges of the blades at the radial tip portions thereof,
comprising,
a generally cylindrical, axially extending throat sec-
~ tion encircling the fan, said first plane being sub-
stantially coincident with the radial plane contain-
ing one axial end of said throat section;
an annular, generally radially extending flat portion,
said flat portion being radially spaced outwardly
and axially from the other axial cnd of said throat
section;
an annular intermediate section extendlng between
said other axial end of said throat section and said
radial flat portion, said throat section, intermediate
section, and said radial flat portion being effective
to produce a low pressure region between the air
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stream flowing over the surface thereof and such
surface when the fan is in operation, said intermedi-
ate section being radially and axially curved, and
the following relationships exist: RF = AW/3 plus
or minus 12 percent of AW, CF = AW/3 plus or
minus 12 percent of AW, and R = 2AW/3 plusor
minus 12 percent of AW where RF i1s the radial

length of the radial flat portion, CF is the axial
length of the cylindrical throat section, and R is the
radius of curvature of the intermediate section, and
said first plane may be axially spaced from and on
either axial side of radial plane containing said one
axial end of said throat section a distance of 12
percent of AW and said second plane may be axi-
- ally spaced from and on either axial side of a radial
plane containing said end of said intermediate sec-
tion opposite the end thereof operatively con-
nected to said throat section a distance of 12 per-
cent of AW; and
an annular supplementary low pressure vortex creat-
ing means formed in said throat and intermediate
sections, and radial flat portion of the fan shroud
structure waereby an additional low pressure re-
gion is generated between the air stream flowing
~over the surface of the fan shroud structure and
such fan shroud structure surface when the fan is in
operation.
14. A fan shroud structure as set forth in claim 13,
wherein said supplementary low pressure vortex creat-
ing means is disposed adjacent the intersection of said
throat section and said intermediate section and in-
cludes an annular, radially extending step operatively
connected to and extending radially outwardly from
one axial end of said throat section, said step being
operatively connected to one end of said intermediate

~section.

15. A fan shroud structure as set forth in claim 13,
wherein said supplementary low pressure vortex creat-
ing means is disposed adjacent the intersection of said
intermediate section and said radial flat portion and
includes an annular, axially extending step operatively
connected to and extending axially toward said throat
section from the radially outermost end of said interme-
diate section, said step being operatively connected to
the radially innermost end of said radial flat portion.

16. A fan shroud structure as set forth in claim 13,
wherein said supplementary low pressure vortex creat-

_ing means is disposed intermediate the axially spaced

50

ends of said mtermedlafe section and includes an annu-
lar, concave groove formed in the surface of said inter-

mediate section over which the air stream flows when

~ the fan is in operation.
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